Prior studies have reported that orthostatic hypotension (OH) is associated with increased risk of atrial fibrillation (AF). We sought to determine whether the association persists after adjusting for hypertension and other cardiovascular risk factors. We studied the Framingham Heart Study Original cohort participants evaluated between 1981 and 1984 without baseline AF. OH was defined as drop in standing systolic blood pressure (BP) of at least 20 mm Hg or standing diastolic BP of at least 10 mm Hg from their supine values after standing for 2 minutes. We estimated Cox proportional hazards regression models to calculate multivariable-adjusted hazards ratios (HR) for association between OH and risk of incident AF, adjusting for age, sex, seated systolic BP and diastolic BP, resting heart rate, height, weight, current tobacco use, hypertension treatment, diabetes, and history of myocardial infarction and heart failure. Of 1,736 participants (mean age, 71.7±6.5 years, 60% women) 256 (14.8%) had OH at baseline. During 10 years follow-up, 224 participants developed new AF. In our multivariable-adjusted model, OH (HR 1.61, 95% CI 1.17 to 2.20) and greater orthostatic decrease in mean arterial pressure (MAP) (HR 1.11, 95% CI 1.02 * P-value for interaction performed using age as a continuous variable All models are adjusted for age, sex, systolic and diastolic blood pressure, resting heart rate, height, weight, current tobacco use, antihypertensive medication use, diabetes, heart rate and history of myocardial infarction and heart failure.
to 1.22 per 8.6 mmHg change in MAP) were both associated with higher risk of new AF. In conclusion, in our longitudinal community-based sample, OH and orthostatic decline in MAP were significantly associated with increased risk of incident AF after adjustment for systolic BP, diastolic BP, and hypertension treatment.
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There is growing evidence that orthostatic hypotension (OH) is independently associated with cardiovascular diseases including coronary heart disease, heart failure, stroke, and allcause mortality. 1 Prior studies have reported that OH is associated with the risk of incident atrial fibrillation (AF). In a community-based study from Malmö, Sweden, during 24 years of follow-up, OH was associated with increased risk of AF in individuals with hypertension [hazard ratio (HR) 1.30, 95% confidence interval (CI) 1.05 to 1.61], but not in normotensive individuals (p value for interaction=0.06). 2 The Atherosclerosis Risks in Communities (ARIC) study also reported a significant association between OH and AF after multivariable adjustments (HR 1.40, 95% CI 1.15 to 1.71) during 18 years of follow-up; the measure of association did not significantly differ among several subgroups including those with and without hypertension. 3 Therefore, whether OH is associated with risk of AF accounting for cardiovascular risk factors including hypertension needs to be examined further. In the present study, we examined if OH and postural change in mean arterial pressure (MAP) were associated with increased risk of incident AF including in individuals with and without hypertension. Our aim was to investigate the role of OH on the long-term risk of incident AF in a community-based cohort. We hypothesized that OH and drop in MAP with standing are associated with increased risk of incident AF.
Methods
The participant selection and study design for the Framingham Heart Study Original cohort have been described previously. 4 We studied the Original cohort participants evaluated during examination 17 from 1981 to 1984 (n=2,179). We excluded participants with preexisting AF at the time of study entry (n=133) and participants with missing hemodynamic measurements (n=178) or covariates (n=132). Institutional Review Boards at Boston University Medical Center approved the protocols. All participants provided written informed consent.
OH was defined as drop in standing systolic BP of at least 20 mm Hg or standing diastolic BP of at least 10 mm Hg. MAP was calculated as MAP = [diastolic BP + (systolic BP − diastolic BP)/3]. Postural change in hemodynamic values was calculated by subtracting the supine value from the standing value. BP for supine position was measured after participants rested for approximately 4-5 minutes. Participants were then asked to sit up and stand. Standing BP was measured approximately 2 minutes later, which is enough time for BP to reach the new equilibrium with orthostatic stress. 5 We measured auscultatory BP at the level of brachial artery by using a mercury sphygmomanometer. Orthostatic change in heart rate was not recorded.
Participants were diagnosed with AF if they had AF or atrial flutter documented on electrocardiography from routine biennial examination at the Framingham Heart Study research center, or outpatient clinic or inpatient hospital records. The cardiologists at the Framingham Heart Study validated the electrocardiographic evidence of incident AF.
Hypertension was defined as sitting systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg, or receiving treatment for hypertension. Tobacco and medication use were ascertained using self-report. Current tobacco use was defined as smoking 1 or more cigarettes per day within 1 year before the Framingham Heart Study examination. Diabetes mellitus was defined as having overnight fasting serum glucose ≥126 mg/dL or as use of hypoglycemic agents. Myocardial infarction and heart failure were determined by examination of medical records by a panel of 3 physicians using previously reported criteria. 6 We described the demographic and hemodynamic characteristics of the study sample using mean ± standard deviation (SD) for continuous variables and count (%) for dichotomous variables. We excluded participants with prevalent AF from the analysis. We conducted Cox proportional hazards regression analyses to calculate age-and sex-adjusted and multivariable-adjusted hazards ratios (HR) for association between orthostatic change in BP parameters and 10-year risk of incident AF. The proportional hazards assumption was verified by examining a plot of ln[−ln(survival probability)] versus ln(time) for parallelism and it was determined that the assumption was met (data not shown). Participants were followed for the development of incident AF after exam 17 until AF diagnosis, death, date of last contact, or December 31, 2014, whichever occurred first. We adjusted for standard risk factors associated with AF in the multivariable model, including age, sex, seated systolic and diastolic BPs, height, weight, current tobacco use, antihypertensive medication use, diabetes, heart rate, and history of myocardial infarction or heart failure. 7 Our primary analysis examined 10-year risk of AF; in a secondary analysis, we expanded the time frame to include all available follow-up for the participants. In addition, in our secondary analyses, we assessed the interaction between OH and the following AF risk factors: age (≥70 versus <70 years), sex, hypertension, hypertension treatment, diabetes, prevalent myocardial infarction, and prevalent heart failure. A cross-product term for each of the AF risk factors and OH was included in the multivariable-adjusted model and its significance was assessed using a Chi-square test. Two-sided p values <0.05 were considered statistically significant. All our analyses were conducted using SAS, version 9.4; SAS Institute, Cary, North Carolina.
Results
Baseline characteristics and hemodynamic variables of the 1736 study participants are summarized in Table 1 . Our study sample consisted of older adults, 45% of whom were taking antihypertensive medication. On average, supine systolic BP in the full sample was in the hypertensive range. Upon standing, there was a modest decrease in systolic BP and a modest increase in diastolic BP and MAP. Pulse pressure dropped substantially. Of participants studied, 256 (14.8%) met the diagnostic criteria for OH; of these participants, 17% (n=43) had a drop in diastolic BP of 10 mm Hg or more, 70% (n=180) had drop in systolic BP of 20 mm Hg or more, and 13% (n=33) had both. During follow-up (primary analysis, mean 8.3 years, maximum 10 years), 224 participants developed incident AF.
Results of our Cox proportional hazards analysis for association between OH and the risk of incident AF are summarized in Table 2 . In a multivariable model that adjusted for age, sex, seated systolic and diastolic BPs, resting heart rate, height, weight, current tobacco use, antihypertensive medication use, diabetes, and history of myocardial infarction or heart failure, OH was associated with 1.6-fold higher risk of incident AF. Orthostatic decline in MAP was associated with greater risk of incident AF. We found similar associations for full follow-up (mean 13.5 years, maximum 33.0 years, Table 2 ). Cumulative incidence curves demonstrate higher AF incidence in participants with compared to those without OH ( Figure  A) .
The association between OH and increased risk of incident AF was generally consistent throughout all subgroups except for the participants below 70 years of age compared to those aged 70 years or above (p value for interaction=0.009, Table 3 , Figures B-C) . We did not find any statistically significant interaction between presence of hypertension and the association between OH and the risk of AF (p value for interaction=0.26). There also was no interaction with hypertension treatment.
Discussion
In our longitudinal analysis of the association between postural change in BP and risk of incident AF, we report that presence of OH and an orthostatic decline in MAP were both associated with higher risk of incident AF in models that adjusted for various established risk factors for AF.
Our results are consistent with the population-based longitudinal study results from Malmö 2 and the ARIC study. 3 In aggregate, the results from these 3 prospective cohort studies demonstrate that relations of OH with risk of AF are consistent in different study samples with different mean ages. The Malmö study included Swedish urban participants; the ARIC study enrolled individuals from 4 cities in the U.S., 25% of whom were African Americans. The mean ages of the participants were 46, 54, and 72 years for the Malmö, ARIC, and Framingham Heart Study cohorts, respectively.
We found that the association between AF and OH persisted after adjusting for systolic and diastolic BP and hypertension treatment. In addition, we did not find any statistically significant interaction with presence of hypertension or with hypertension treatment. It is possible that we did not have adequate statistical power to detect interaction with hypertension or hypertension treatment. Alternatively, interaction by hypertension status may have been less relevant in our cohort whose mean age was much higher than the mean age of the Malmö study cohort. In our study, there was a significant interaction by age ≥70 vs. <70 years. The finding may reflect higher likelihood of developing AF and OH in parallel later in life. Alternatively, our result may represent a common underlying mechanism, such as autonomic dysfunction or arterial stiffness, which is more common in older adults and contributes to risk for developing AF and OH.
The association between OH and development of AF is likely complex. Arterial stiffness and increased pulse pressure are associated with endothelial dysfunction, 8 OH, 9 and AF. [10] [11] [12] [13] Arterial stiffness also is associated with autonomic dysfunction, 14, 15 which contributes to OH and AF. 16, 17 Conversely, endothelial dysfunction may contribute to arterial stiffness and OH in parallel, leading to AF. 10 In the present study, we did not have detailed measures of arterial stiffness in this cohort at the specific examination when OH was assessed. However, by adjusting for systolic and diastolic BP together in our multivariable models, we effectively adjusted for pulse pressure and still observed relations between orthostatic change in BP and AF risk. Hence, our finding suggests that a component of the latter association is separate from effects of arterial stiffness on AF risk.
Orthostatic blood pressure stabilization is a complex process mainly regulated by tone in the sympathetic component of the autonomic nervous system. Upon standing, there is a volumedependent drop in arterial BP, which is detected by baroreceptors in the carotid sinuses and aortic arch. 18 The baroreceptors then activate the sympathetic nervous system, which in turn increases heart rate, myocardial contractility, and peripheral resistance. 18 With older age or neurodegenerative disease, sensitivity of the baroreceptors and sympathetic response to baroreceptor activity may be reduced, resulting in inadequate increase or even a decrease in MAP on standing, which in severe cases may be associated with categorical OH. Findings from multiple cohort studies demonstrating that OH is associated with increased risk of incident AF warrant future studies to understand the underlying mechanisms.
Our study has several limitations. First, data on heart rate variability with postural changes was not collected. Second, tonometry was not performed for our study sample at examination 17, and therefore, we were not able to calculate MAP using an arterial pressure wave form. Third, we may have had limited statistical power to detect a significant interaction. Fourth, because we measured standing BP at a fixed time point after standing, we may have missed transient BP changes. Fifth, incidence of new onset or paroxysmal AF may have been underestimated because AF is often undetected. Sixth, we did not adjust for other covariates that may affect AF risk such as obstructive sleep apnea, autonomic dysfunction, left atrial remodeling, and diastolic function. Hence, we cannot exclude residual confounding, and cannot establish causal relations. Finally, our study included predominantly older adults of European descent; therefore, the results may not be generalizable to other age groups or ethnicities. Major strengths of our study include prospective and longitudinal follow-up, careful validation of AF by cardiologists, and availability of extensive information on the covariates.
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Figure A.
Age-and sex-adjusted cumulative incidence of AF in participants with and without OH. The figure demonstrates divergence of the cumulative incidence curves in participants with and without OH over time.
Figures B and C.
Cumulative incidence of AF in participants < 70 years ( Figure B ) and ≥ 70 years of age ( Figure C) with and without OH. The figures demonstrate that the association between OH and the risk of incident AF differs by the 2 age groups. Table 3 Association between orthostatic hypotension and incident atrial fibrillation among subgroups (10-year followup) 
